This work focuses on the monitoring of trace element removal from the Riyadh South Tertiary Wastewater Treatment plant using inductively coupled plasma mass spectrometry (ICP-MS). Considering that the final effluent originating from the plant is directed for irrigation purposes towards the farms of Al-Dirayia, Dirab and Wadi Hanifa it is important to consider the possible presence of elevated microelement concentrations that could pose potential threats to the human health. All samples were collected from the initial entrance to the plant representing the raw influent as well as the final exit after chlorination, i.e. the final effluent used for irrigation purposes. Results showed that the concentration of aluminium (Al), phosphorus (P), copper (Cu), manganese (Mn) and lead (Pb) were initially elevated at their entrance to the plant compared to the recommended values by the Environmental Protection Agency (EPA) and the World Health Organisation (WHO), while zinc (Zn), chromium (Cr), molybdenum (Mo), selenium (Se), cobalt (Co), uranium ( U), mercury (Hg), arsenic (As), and cadmium (Cd) were within permissible levels. All microelements showed significant reduction of concentration with values well below the maximum recommendations. The observed results are important for assessing the functions and effectiveness of the treatment methods of the plant as well as ensuring that the final effluent is appropriate for agricultural use.
as part of a key strategy towards sustainability and a cleaner environment. One of the main concerns within the field of renewable energies and environmental engineering is wastewater treatment. In arid regions such as the Saudi Arabian peninsula, where 20% of wastewater is used for irrigation purposes it is especially important to monitor wastewater plant operations as well as introducing novel ways in water treatment and disinfection.
This study focuses on one of the major municipal treatment plants at the outskirts of Riyadh, namely the South tertiary wastewater treatment plant with the aim to assess its efficiency in the removal of microelements presenting a comparison of the average concentration values between the raw influent and final effluent as well as providing a quality assessment of the suitability of the final effluent for irrigation purposes compared to the recommended values by the Environmental Protection Agency (EPA) 5 and the World Health Organisation (WHO) 6 . In particular the microelements considered are: aluminium (Al), phosphorus (P), zinc (Zn), chromium (Cr), copper (Cu), cobalt (Co), manganese (Mn), molybdenum (Mo), lead (Pb), selenium (Se), uranium ( U), mercury (Hg), arsenic (As), and cadmium (Cd).
In general microelements occur at different concentrations within the hydrosphere and many are essential for many the metabolic and physiological processes of organisms 7 . They are part of enzymes, hormones, and cells in the body and insufficient intake of such microelements can cause symptoms of nutritional deficiency. Nevertheless high concentrations, especially as a result of contamination [8] [9] [10] [11] can pose serious concerns for humans and the ecosystem.
In arid regions such as Saudi Arabia 12, 13 with a populating of 28 million the need for reliable, clean water resources is of great importance. Current agriculture uses up to 55% of groundwater originating from acquifers, desalinated water as well as 20% treated municipal wastewater for all irrigation purposes [14] [15] [16] . Our study evaluates the final effluent and removal efficiency of trace elements from the South tertiary wastewater treatment plant in Riyadh Saudi Arabia, where composite samples were collected at the following points: raw influent (1) and final effluent (2) (after chlorination) as seen in Figure 1 below. The main operations processes of the South tertiary plant can also be reviewed:
The South Wastewater treatment plant was constructed in two stages and as a result is divided into two plants namely, C2 and C3. Albeit the treatment stages for both plants are similar their design capacity differs with C2 treating 80,000 m 3 / day of municipal waste , while C3 treating 120,000 m 3 /day 17 . In particular the biological treatment of the plant is based on trickling filters packed by random plastic media. The effluent from the secondary clarifiers is transferred to aerated lagoons and then through sand filters it enters the disinfection treatment, which is achieved with the use of chlorine. The size of the chlorination tank is 8000m 3 (total volume intake per day: 200,000 m 3 ) and the average concentration of chlorine within the chlorination tank: from 0.1 ppm to 0.2 ppm. It is after this stage that water is directed to either the Ministry of Agriculture and water for re-use. The resulting sludge on the other hand is thickened, digested and dewatered and then utilised by either fertilizer companies or transported to landfills 18 .
In general when assessing the presence of microelements we note that certain minerals are essential for human health 19, 20 , such as Zn, Se, Cu, Mo, Cr, and Mn. Nevertheless there needs to be a balance between the intake of required levels and excess concentrations that could damange human health. In the case of Zn 21 even though low levels can cause skin alterations, delayed growth and immunological disturbances, its excessive consumption lead to toxic exposure. Such toxicity can be even more pronounced in the case of cadmium, chromium and molybdenum where even at low concentrations they can be detrimental to human health 22 .
Thus continuous plant assessment and close monitoring of the final effluent especially when its used for irrigation purposes 23 is of prime importance for human health as well as the immediate suggestion of remedial measures. For this purpose our study employs ICP-MS as it is a fast, multielemental technique with highly accurate detection capabilities.
MATERiALS And METHodS
Within this frame forty (40) wastewater 24 hour composite samples were collected from the South Wastewater Treatment Plant between the months of May 2015 to June 2015 using 500 ml amber glass bottles. Each sample was then carried using cooler boxes (to avoid degradation) to the analytical lab and stored at 4°C according to the Standard Methods proposed by the American Public Health Association (APHA) 24 , until analysis which was conducted. At a first instance the following parameters were determined for all samples: PH, suspended solids (SS), total solids (TS), biochemical oxygen demand (BOD 5 ) and chemical oxygen demand (COD) while the average electric conductivity (EC) and turbidity for the final effluent only.
The icP-MS instrumentation.
The analytical determination of the following microelements: Al, P, Zn, Cu, Mn, Cr, Pb, Mo, Se, Co, U, Hg, Cd, As was carried out by a NexION 300 D (Perkin Elmer, USA) ICP-MS. The system included an ultrasonic nebuliser (Cetec U 5000 AT), allowing a 50 fold enhancement in detection limits and improved reproducibility in determinining the levels of the trace elements. The analysis was done in triplicate and average values were taken each time. Perkin Elmer Pe-Pure spectroscopy grade standards were used for ICP calibrations. High precision was achieved by replicate analysis of blank, standards and all samples. Experiment repetition was conducted leading to an accuracy of 95%-105% and precision of +/-5%.
Analysis and results
The average values for the PH, suspended solids (SS), total solids (TS) , biochemical oxygen demand (BOD 5 ) and chemical oxygen demand (COD) for all samples between the raw influent and final effluent are displayed in Table 1 below, while the average electric conductivity (EC) and turbidity of the final effluent were 1372 ìS/cm and 9.3 NTU respectively.
Further analysis of the ICP-MS results from the raw influent showed elevated average concentrations for the following trace elements: aluminium (Al), phosphorus (P), lead (Pb), copper (Cu) and manganese (Mn) ( Table 2) , while zinc (Zn), chromium (Cr), molybdenum (Mo), selenium (Se), cobalt (Co), uranium ( U), mercury (Hg), arsenic (As), and cadmium (Cd) displayed levels within the maximum recommended values by (WHO) and (EPA) as displayed in Table 3 below: After treatment there was a significant reduction for all element concentrations as detected in the final effluent. Their average concentrations are displayed in Table 4 . below: We note that elements such as Al, U, Zn and Cr were removed from the final effluent with an efficiency of over 98%, while other elements such as Se and As showed the most persistence with a less than 60% removal efficiency as seen in Table  5 . below: The elevated levels of aluminium (Al) present in the initial raw influent are considered common due to the fact that it is the most plentiful material in the earth's crust present frequently in combination with elements such as silicon, oxygen and fluorine 25 . Its elimination in the final effluent reached a percentage of 99.9% elimination with a final average concentration well below the maximum recommended by (EPA) and (WHO). Aluminium poses no direct health threat to humans nevertheless aluminium (Al) levels accumulated over a period of time through food, water and soil exposure can affect the nervous system, diminish kidney function and cause muscle weakness.
Manganese (Mn) which was also detected at elevated concentrations, is an elements that along with iron (Fe) is elevated in the rock formation of the region as it is apparent in previous analysis done on groundwater sources in the area 26 . It usually imparts a strong metallic taste to water, causes black staining and increased growth of bacteria in aquatic environments 27, 28 . Although it is not highly toxic it can reduce the ability of the body to absorb iron as well as causing tremors and stiff muscles after long term exposure.
Phosphorus (P) which was also detected at elevated concentrations can also be a highly toxic microelement 29, 30 . In particular after long term exposure through water or soil it causes initially gastrointestinal problems and can lead to kidney function, liver, the central nervous system collapses as well as being detrimental to cardiovascular functions. In our study we note that the raw influent is substantially elevated either due to the use of phosphorus in the production of phosphoric acid and phosphates which are used in the fertilizers industry or due to its use in rodenticides, electroluminescent coatings, semiconductors and chemicals. In the final effluent the elimination is up to 86.6% leading to levels below the maximum recommended values for irrigation purposes according to EPA and WHO.
Other microelements such as Cu, Co, Cd, Pb, and Hg also showed a substantial reduction in the final effluent with a removal rate of more than 90% leading to safe levels in the final effluent. In particular copper (Cu), lead (Pb), Cr (chromium) and Cd (Cadmium) belong to the class of heavy metals. The detection of Cu and Pb 31 at elevated values in the raw influent is mainly due to fertilisers, lead-acid batteries, paints and treated words. In the final effluent they were effectively removed and their concentration dropped well below the recommended values by EPA and WHO. It should be noted that levels of lead (Pb) in the aquatic environments of industrialised countries has risen two to three fold compared to pre-industrial levels which is very concerning considering that its bioaccumulation can lead to lead poisoning.
Finally arsenic (As) and selenium (Se) 32 were detected in the raw effluent at values below the (EPA) and (WHO) recommendations. There removal efficiency was the least, showing the most persistence with a 60% and 35% elimination respectively.
In Figure 4 below a comparison between the final effluent and the maximum recommended values as introduced by EPA and WHO are displayed. Considering that over values of the final effluent are well below the maximum allowed concentrations this represents a healthy microelement water profile that is directed towards the agricultural lands of AlDirayia, Wadi Hanifah and Dirab.
concLuSionS
Our microelement analysis using ICP-MS showed that the concentrations of Al, P, Zn, Cu, Mn, Cr, Pb, Mo, Se, Co, U, Hg, Cd, As in the final effluent were all within the permissible limits for irrigation purposes. In particular Al, Zn, Cu, Cr, Pb, Mo, Co, U, Hg, and Cd were significantly eliminated in the effluent at concentrations of less than 2% of the recommended values by EPA and WHO while Mn, Se and As were present at concentrations less than 10%. Finally selenium (Se) and Arsenic (As) showed the most persistence in removal and were lowered to a 60% and 35% of the recommended values respectively. These findings represent important considerations in wastewater effluent quality evaluation especially as in this case it is used systematically for irrigation purposes. Monitoring such sources is very important for health purposes as well as for selecting appropriate treatment methods for microelement removal.
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